




















Science & Energy

Fusion and Electron Beams

(Ed. Note: This is the first in a series of articles
describing Sandia’s growing effort in energy
related programs, an effort that derives from
the AEC’s new orientation toward the field of
energy. Later articles will deal with laser
fusion, solar power, geothermal energy,
hydrogen economies, and other potential energy
sources. )

In 1965, when the AEC’s Division of
Military Application (DMA) authorized
Sandia’s first large pulsed electron
accelerator, Hermes I, Sandia began
development of what has become an extensive
electron beam and pulsed power capability.
The sustained DMA support of this capability
has made possible the development of
simulation facilities that have played a vital
role in DMA-sponsored weapons effects
activities.

Recently the utilization of this capability
has been expanded to include other
applications. Although a significant portion
of the support for these applications
continues to come from DMA, primarily for
the development of pulsed power, the AEC’s
Division of Controlled Thermonuclear
Research (CTR) has recently accepted
Sandia’s proposal for an R&D program
devoted to the compression and heating of
thermonuclear fuel by electron beams. The
acceptance carries with it $250,000 in funding
for the first year of effort. The initial program
will emphasize the physics of beam focusing
and energy absorption in solids. If results
from these first steps are encouraging, future
steps will involve the supercompression of
matter using the beams to heat the outer
region of a spherical target.

“CTR acceptance means we have support
for the fundamental research that will
underlie any major electron beam fusion
program,” says Gerry Yonas, manager of the
Plasma and Electron Beam Physics Research
Department 5240. “The next milestone would
be gaining funds for a facility to test concept
feasibility. We have proposed such a facility,
labeled Ripper, to DMA. In the meantime,
the program is proceeding with existing
machines such as Reba, Hermes, and Hydra.
Ripper would also be employed in the
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simulation of weapon effects and in our laser
fusion program.

“Our three divisions are all involved in
this work — the Plasma Theory Division
5241, under John Freeman, provides the
theoretical backup; Al Toepfer’s Electron
Beam Research Division 5242 is responsible
for the experimental aspects; and Tom
Martin’s Pulsed Power Research and
Technology Division 5245 is developing the
electron beam machines, instrumentation and
facilities. Although the program is still in an
early phase, we're already getting assistance
from several of Jack Walker’s (5220) people,
including Larry Posey’s division (5226);
mechanical, electrical, and diagnostic support
from Carter Broyles’ people in 1100; and from
two or three other 5000 directorates. Our
project coordinator comes from 1500.

“So the electron beam fusion program
depends on a broad range of talents;
fortunately Sandia has them. A major
problem is that of coordination — to combine
the scientific, engineering, and systems
approaches optimally.”
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Fusion, the source of the sun’s energy, is
generally accepted as the ultimate means of
energy production for the earth. The fuel —
deuterium, a hydrogen isotope — is found in
water and therefore plentiful; it is readily
available, essentially hazard-free,
environmentally acceptable — and cheap.

But there’s a hooker: power-producing
fusion requires physical conditions beyond
present scientific capabilities. Those
conditions are rigorous: a) heat the fusion fuel
above ignition point — about one hundred
million degrees kinetic temperature; at that
point the fuel becomes a plasma, a totally
ionized gas; b) while maintaining its
temperature, isolate the plasma from its
container long enough so that the release of
fusion energy is greater than the energy
required to heat the fuel; and c) convert the
released energy to a useful form, such as
electricity.

Fuel densities must be high and
confinement times long in order to reach an
efficient reaction. The most widely accepted
approach for achieving the required
conditions is confinement of the plasma in
magnetic traps — toroidal pinch devices, for
example. A second approach is pulsed fusion
through inertial confinement; this is the basis
of both laser and electron beam work toward
fusion at Sandia. (Laser work is being done in
Laser Physics Department 5210.)

Under inertial confinement, matter is
compressed beyond solid density; when this
occurs, one desirable result is that
confinement times are far below those
required in magnetically confined methods.
Compression is achieved by heating the outer
region of a millimeter-size sphere to
temperatures of roughly one million degrees
and, simultaneously, driving the fuel inwards
in reaction to the expanding outer region. The
outer region of the pellet acts like a rocket
exhaust as the heated material becomes, in
effect, a superhigh energy density propellant.
The ““payload,” the solid layer that implodes,
compresses and heats the fuel to the
thermonuclear conditions.

Sandia’s electron beam fusion effort, now
concentrated under Yonas, builds on the
Labs’ experimental and theoretical

THE RIPPER MODEL with Tom Martin (left), whose Pulsed Power Research and Technology division 5242 is
developing the facility, and Gerry Yonas, manager of the Plasma and Electron Beam Physics Research department
5240. The facility would increase by a factor of ten the amount of power now available at Sandia for electron beam
fusion studies and permit the first feasibility studies of the concept at Sandia.

achievements in focusing the electron beam.
Jim Poukey, John Freeman, and Al Toepfer
are largely responsible for developing the
numerical and analytical techniques that have
led to an understanding of the limitations and
requirements for beam focusing. In focusing,
a stream of electrons is accelerated in the
electric field of a megavolt diode; currents of
millions of amperes can be attained if the
diode is large enough.

The problem is to focus the current. Some
natural focusing occurs, but as the beam
pinches, electrostatic repulsion begins to
prevail. But it has been found that when
positively charged ions are added to the
negatively charged electron beam, these ions
neutralize the space charge (that is, decrease
the force of repulsion), which in turn allows
further pinching of the beam. This “self-
pinching” can operate in a plasma beyond the
diode, but the degree of beam compression
has been found to be extremely limited. After
several years of research into beam
concentration, it has been shown, within the
last year, that introduction of such a plasma
into the diode itself would provide a
reproducible “superpinch” — and a possible
means of achieving fusion. The critical
experiments were carried out last fall on
Sandia’s Slim pulser by Ken Prestwich (5245)
and Yonas. The technique calls for focusing
of the beam onto the anode containing the
fuel pellet.

Such an intense electron beam has also
been shown to heat plasma effectively, and
this finding could lead to a way to reach
fusion temperatures in conventional fusion
approaches. In addition, such beams have
been shown to accelerate ions in the gas
through which the beam propagates.
Conceivably, this property of beams could be
the basis of an entirely new concept for high
energy ion acceleration. Research continues
in these areas.

So far, energy released (in the form of
neutrons) from a plasma at thermonuclear

temperatures is insignificant compared to the
amount of energy expended. The major goal
is “breakeven’” — the point at which energy in
equals energy out. “We need about a hundred
times the power to achieve breakeven that we
now have with either Hydra or Hermes,” says
Gerry. “‘But we'll work in steps: first, 10 times
as much power, and then the jump to the level
needed for breakeven. The proposed Ripper
facility would give us the factor of 10 and, if
things go well, the second — and final — step
would take us to the breakeven point.”
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“Fusion by electron beams, or for that
matter by any other method, has not even
reached the feasibility stage,” Gerry states.
“To predict exactly where we’re going is like
asking the Wright brothers to design a 747 —
before Kitty Hawk. Our research indicates
we’'re heading in the right direction. We're
able to demonstrate remarkably improved
beam control over that possible even one year
ago. The rate of progress is encouraging and,
if our research continues to provide the right
answers, we've got a reasonable chance to
achieve breakeven before 1980.” ® bh

By Bill Prekker
Chairman,
Education Committee

Retiree Membership

Until last month, the Credit Union charter
allowed membership to ‘“‘members of this
Credit Union who are retired from
employment . . . and retain their membership
in this Credit Union.” The Board has amended
the charter to eliminate the last condition. It
now reads simply “‘persons retired as
pensioners or annuitants from
employment.” The CU welcomes retirees who
had closed out their accounts to come in and
reopen them.

Credit Union Brochure

The updated second edition of “Your
Credit Union” is now available, new pictures
and all. Pick up a copy at the CU offices; it’s a
handy guide to all the services available.

Those Confusing Interest Rates

Confused by all the bank and savings-and-
loan TV commercials touting their passbook
and certificate interest rates? It’s true that the
maximum allowable rates which can be paid
by insured banks and savings-and-loan
associations have recently been increased. But
so have interest rates on their loans. Let’s
compare CU rates with those advertised by a
local savings-and-loan association. Their
passbook interest rate is 5%% with no
minimum deposit, no specified length of time,
and day in to day out interest. Except for the
latter condition — CU dividends can be paid
no oftener than quarterly — that’s very close
to a regular CU share account. Contrast that
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5% % rate with our 6% compounded quarterly
- with no confusing restrictions. Even their
90-day certificates pay only 5% %.

The rest of the savings-and-loan certificate
schedule looks like this: 6% % on I-year
certificates with a minimum of $1000; 6 2%
on 2-year certificates with a minimum of
$5000; 6% % on 2'%-year certificates with a
minimum of $10,000, and 7%% on 4-year
certificates with a minimum of $15,000.
Sounds good, doesn’t it? It is good, but don’t
overlook the penalties. If you withdraw any
portion of the amount prior to the due date,
you lose 90 days interest, and the rate earned
on the amount withdrawn drops from the
certificate rate to the passbook rate of 5% %.
Then too, you may want to borrow, using
your deposited money as collateral. At other
financial institutions you generally borrow at
2% above the rate received; at the Credit
Union the spread is only 1.2%. If you have
any questions in this area, drop by and we’ll
try to give you the answers.

Speakers

G.C. McDonald (7623), “Wilderness Backpacking,”
Downtown Optimist Club, Aug. 3.

H.R. Shelton (3132), “You’re OK, I'm OK,” Silva
Mind Control Society, Aug. 7.

H.H. Patterson (1230), “Mexico and the Sea of
Cortez,” Duke City Exchange Club, Aug. 9.

H.C. Monteith (9344), “ESP Research in Russia,
England and America,” Downtown Optimist Club,
Aug. 10.

S.G. Vandenvender (4732), ““Bicycling in
Albuquerque,” Sandia Civitan Club, Aug. 10.

R.M. Jefferson (4761), “The Current Power Crisis,”
Duke City Exchange Club, Aug. 16.

J.M. Long (1111), “Albuquerque TIP (Turn in A
Pusher) Program,” Duke City Exchange Club, Aug. 23.

B.L. O’Neal (3313), “Evaluation of Personnel
Exposures in a High-Energy, High-Intensity Beta-
Gamma Field,” Third International Congress of the
International Radiation Protection Association, Sept.
10, Washington, D.C.

D.H. Loescher (2433), “A Shielded Flat Cable
Usable at 370°C,” Fall Meeting, Institute of Printed
Circuits, Sept. 10-13, San Francisco.

C.E. Land (5113), Invited Speaker, ‘“Variable
Birefringence, Light Scattering and Surface

Authors

P.J. Chen (1540), “‘One Dimensional Acceleration
Waves in Inhomogeneous Elastic Non-Conductors,”
Vol. 17, Nos. 1-2, ACTA MECHANICA.

M.J. Clauser (5241), “Ellipsoidal Coordinates — A
Natural Coordinate System for Calculations of Laser
Irradiation of Slabs,” Vol. 12, No. 3, JOURNAL OF
COMPUTATIONAL PHYSICS.

D. Emin (5155), “On the Existence of Free and Self-
Trapped Carriers in Insulators: An Abrupt
Temperature-Dependent  Conductivity Transition,”
Vol. 22, No. 1, ADVANCES IN PHYSICS.

B. Granoff (5315), H.O. Pierson (5313) and D.M.
Schuster (5314), “The Effect of Chemical-Vapor-
Deposition Conditions on the Properties of Carbon-
Carbon Composites,” Vol. 11, No. 3, CARBON.

G.E. Laramore (5151), “Analysis of Low-Energy-
Electron Diffraction Intensity Profiles from the (100)
and (111) Faces of Nickel,” Vol. 8, No. 2, PHYSICAL
REVIEW B.

J.M. McKenzie (2114), “Reactor Equivalence of an
Arbitrary Neutron Spectrum by Multisource
Synthesis,” Vol. 20, No. 4, IEEE Transactions on
NUCLEAR SCIENCE.

R.T. Meyer, A.W. Lynch, J.M. Freese (all 5324), et
al, Letter to the Editor, “Residual Hydrocarbon and
Hydrogen Contents of Carbons and Graphites,” Vol.
11, No. 3, CARBON.

P.S. Peercy (5132), ‘““Observation of an
Underdamped ‘Soft’” Mode in Potassium Dihydrogen
Phosphate,” Vol. 31, No. 6, PHYSICAL REVIEW
LETTERS.

Deformation Effects in PLZT Ceramics”; N.S. Gillis
(5151), “Self-Consistent Approximation Schemes for
the Treatment of a Prototype Ferroelectric’; G.A.
Samara (5130), “Vanishing of the Ferroelectricity in
Displacive and Hydrogen-Bonded Ferroelectrics at
High Pressure,” Third International Meeting on
Ferroelectricity, Sept. 10-14. Edinburgh, Scotland.

A.W. Johnson ana J.B. Gerardo (both 5212),
“Mechanisms Controlling the Decay of the 1730 A
Continuum of Xenon Radiation,” ‘‘Electronic
Recombination and the Effects of Metastables in a
Helium Afterglow,” and “1730 A Laser Terminating on
a Dissociating Level”; R.A. Gerber and J.B. Gerardo
(both 5212), “The Effect of Metastables on the
Transition from Ambipolar to Free Diffusion: He-Ar
Mixtures,” XIth Conference on Phenomena in Ionized
Gases, Sept. 10-14, Pragus 6-Dejvice, Czechoslovakia.

L.A. Doyal (2114), “Acquisition and Analysis of
Partial Pressure Analyzer Data,” First Symposium on
Quadrapole Applications, Sept. 11, Albuquerque.

J.G. Fossum (2113), “Expandable Modeling of
Bipolar Devices”; J.T. Cutchen, J.O. Harris and G.R.
Laguna (all 2521), “Electrooptic Devices Utilizing
Quadratic PLZT Ceramic Elements”; W.D. Smith and
D.G. Schueler (both 5113), “Self-Limiting Electrooptic

‘Variable Density Filters,” 1973 WESCON Convention,

Sept. 11-14, San Francisco.

D.F. McVey (5625), “Strain Measurement on
Parachute Webbing with Elastomeric Strain Gages,”
Conference on Stresses and Strains in Textile Structures,
Sept. 12-13, Manchester, England.

G.A. Samara (5130), “Temperature and Pressure
Dependence of the Dielectric Response of Ionic Crystals
and the Properties of Soft Mode Ferroelectrics,” Sept.
17, Queen Mary College, London, England, and Sept.
18, Federal Institute of Technology, Zurich,
Switzerland.

J.W. Reed (5644), “Distant Blast Predictions for
Explosions,” Annual Explosives Safety Seminar, Sept.
18-20, San Francisco.

L.S. Nelson (5324), “The Use of Continuous Wave
Lasers in High Temperature Science,” seminar
sponsored by the Laboratory for Ultra-Refractories,
Sept. 21, Odeillo, France.
























